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Abstract. The case of a 7-year-old boy affected with 
precocious puberty and a large intra- and suprasellar pi- 
tuitary tumour is described. He had hyper prolactinemia 
ind elevated serum LH, FSH and testosterone concen- 
trations. Pre-operative dynamic hormonal studies showed 
arise of PRL. LH and FSH levels after TRH {200 ug iv) 
and a rise of LH and FSH after GnRH (100 ug iv). Do- 



pamine infusion (4 ug ■ kg" • min" 1 for 180 min) did not 
affect gonadotropins and greatly reduced serum PRL. 
(inRH analogue (buserelin, 0.5 mg sc t.i.d. for 10 days) 
administration inhibited both LH and FSH, but did not 
affect PRL concentration. Serum LH and FSH increased 
after ethinyl-estradiol (0.5 mg orally) administration, and 
were not affected by bromocriptine (5-7.5 mg/day for 10 
^ days), which decreased serum PRL levels. The patient 
underwent trans frontal neurosurgery and a large tumour 
mass was completely removed. Morphological study of 
the excised tumour, by electron microscope double label 
wmunotechnique, revealed that a large number of 
tumour cells (70-85%) were positive for PRL, LH and 
FSH, co-localized in the same secretory granule. After 
neurosurgery, serum PRL. LH, FSH and testosterone 
levels fell to within the normal limits. Two months later 
,nc patient was well and signs of precocious puberty had 
Partially regressed; hormone levels were in the normal 
ra "ge and MR imaging control did not demonstrate any 
r «idual lesion in the sellar region. 



rue precocious puberty in boys is an uncommon 
ls °rder. When an organic cause is identifiable, the 
m °st common ones are hypothalamic lesions (cran- 
: W !P^ ar yngioma. astrocytoma, hamartoma) or 
plne al tumours (1). Pituitary tumours rarely occur 



in childhood and adolescence and they are usually 
associated with delayed onset of puberty and hy- 
pogonadism (2): these features have been particu- 
larly described in young patients with prolacti- 
nomas (3) and in one girl with LH- and PRL-se- 
creting pituitary tumour (4). So far, precocious pu- 
berty in patients with pituitary adenomas has been 
described, to our knowledge, in only two patients, 
one with a prolactinoma (5) and one with a LH- and 
PRL-producing tumour (6). 

In this paper we describe a 7-year-old boy with 
precocious puberty and a large pituitary tumour 
who had hyperprolactinemia and slightly elevated 
LH and FSH levels. Pre- and postoperative hor- 
monal investigations and morphological studies by 
electron microscope double-label immunotechni- 
que on the excised tumour are reported. 



Case report 

A boy aged 7 years and 4 months was referred to our 
hospital for precocious puberty and the presence of a 
large intra- and suprasellar lesion at GT scan. On physical 
examination, his height was 1 15 cm (1 0th percentile) and 
his weight 26 kg (75th percentile). Neither gynecomastia 
nor galactorrhea was present. Isosexual advanced pu- 
berty was revealed by the presence of testes of 4-5 ml 
volume, penis of 9.5 cm length and pubic and axillary 
hairs; the Tanner stage was P2 G3. X-ray examination 
showed a bone age of 9 years. V r isual field perimetries 
demonstrated left temporal hemianopsia and visual 
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acuitv was 2/10 in the right eye and 2/f»0 in ihe lef t one. 
Nuclear magnetic resonance (MR) showed a sellar and 
suprasellar lesion; about two-thirds of the mass had an 
intense signal in T,-wcighted images, and a less intense 
one in T a . a finding compatible with hemorrage or adi- 
pose tissue (Fig. 1). 

Routine lahoraion tests were normal. Endocrinologi- 
cal evaluation revealed high serum PRL. LH. FSH and 
testosterone basal levels (see Results). 

The patient underwent snort-lcrm ireatments with a 
r.iiRH analogue (buserelin. H.5 nig t.i.d. sc (or 10 days), 
which was not followed by any clinical modific ations, and 
then with bromocriptine (5-7.5 mg'day Tor 10 days). On 
bromocriptine therap> visual field perimetries improved, 
temporal hemianopsia disappeared, and visual acuity was 
H/10 in both eyes. The MR imaging control showed onl\ 
a slight reduction of the tumouial lesion. 

Twenty-four h alter the last bromocriptine dose the 
patient underwent iraiisfronial neurosurgery and a large 
uimoural mass was completely excised. 

Postoperative course was uncomplicated and visual 
fields delect was complete!) restored. Soon alter neuro- 
surgery serum PRL. LH, FSH and testosterone levels lell 
to within normal limits lor age and sex. Two months later 



the patient was well and signs of precocious puberty had 
partially regressed; hormone levels remained in x \ lt 
normal range and MR imaging control did not demon, 
sirate any residual lesion in the sellar region (Fig. 1). 

Hormone anahses 

The concentrations of LH. FSH. alpha-subunit. PKl. 
testosterone. FSH. CM. ACTH. Cortisol and free thyroid 
hormones were assessed in basal conditions and after the 
lollowing tests, as appropriate: CnRH l HHI ug iv). TKH 
(200 jig iv). ethinyl-estradiol l0.fi mg orallv in a singlr 
dose). D-ser-(TBu)uOW.)-Nel LHRH (buserelh,. 
Hoechsi. lialv, 0.5 mg sc t.i.d. for Hi days), dopamine 
infusion. (4 Mg • kg r - min 1 for ISO mini, bromocriptine 
15-7.3 mg/dav lor 10 days), somatostatin analogue (SMS 
2(l|.<W. r i. octieotide. Sand*»7. Switzerland. 50 Mg *». 
(;HRH (I ug/kg iv, Bat hem. Switzerland). CRH (1 )ig/k g 
iv. Novabiochem. Switzerland). 

Serum alpha-subunit concentrations were measured b\ 
a previouslv reported RIA method (7). using reagents 
kindly provided by National Pituitary Agency, N1DDK. 
(Bethesda. Ml)). The lowest measurable alpha-subunii 
concentration was 0.2 |ig. f l. I he intra- and inter-assay m- 
efficients of variation were 4.1 and f».SS. respectively 




Nuclear magnetic resonance (MR) images showing the presence of a sellar and suprasellar lesion in the patient * * | 
treatment (left panel) and its disappearance after neurosurgery (right panel). ; 



The cross-reactions of TSH (MRC 6: 
-#549) in the alpha-subunit RIA w< 
. uvc ly. whereas for LH (MRC b 
on a molar basis, the cross-reactioi 
hich alpha-subunit concentrations, 
jn d i" presence of high levels ol 
Scrum LH. FSH and TSH levels 
imn junoradiometric assays (Sucrose 
uvh. LK), which show very high s. 
LH and FSH. 0.07 inLVI for TSH) a 
ticular. alpha-subunit, even at very 
I'.OOOug'D. did not cross- react in th 
^s. Commercial kits were used 1 
PRL. testosterone (Biodata. Italy), ( 
mones. ACTH. and Cortisol. 

Light microswfry 

Pieces of tumour were fixed in HK 
and embedded in paraffin. Sectio 
hemaioxylin-eosin. 

Electron microscopy and immunocy 
\tchniques 

Small cubes of the surgically yen 
fixed at 4°C in 2'7r glutaraldehyde ii 
buffer. pH 7.4, containing \9< sue 
I 0s0< in cacodylate buffer at 4°C;, 
j bedded in Epon 8 1 2. Ultralhin sect 
uranyl acetate and lead citrate and 
tips CM 10 electron microscope (Pli 
hoven, The Netherlands). 

Protein A-gold complexes of dif 
pared as described by Slot & Gcu 
nostaining was performed as previ* 
traihin sections were mounted on r 
var and treated with ethanol satui 
then with lOflf- H..O* in order to re 
Theantisera used were an anti-hPF 
G. Friesen, Winnipeg. Manitoba, 
affinity chromatography, an ami- 
ami-hFSHp serum (Urth obtaine* 
"tone Distribution Program). PRL 
FSH were immuuolocalized using 
d« of different sizes according to 
(10) and Geuze et al. ( 1 1). Incubati 
^rn teinprratu: v fo«- " !■ 'rivi^r 
A "gold complexes). Sections were 
The specificity of the immun 
*• *ubstiiuting normal rabbit serv 
Fs Hp and/or anti-PRL serum: 2. 
^ with its respective antigen: 3 
nc m of ihe reaction, and 4. using 
^P* of the reaction. To determii 
C0l *posiiion of the adenoma, 20 
fr °m 3 random tissue blocks were 
^roscopy. 
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rhe cross-reactions of TSH (MRC 68/38) and FSH (MRC 
. A »t49) in the alpha-subunit RIA were 3.7 and 1.6%, re- 
stively, whereas for LH (MRC 68/40), as determined 



f LH. FSH. alpha-Mihuiiit. pr^ 

. ACf'H. Cortisol and Iree thyroid 

d iu hasal conditions and alter the 

;opriate: GnRH ( ivi. | |<u . 

truclitd ((>."> mg nralh in a sii^| c 

-Pro-9-Net LHRI! rhuscrclin. 
r <c j i d . for in d;i\<» rl* ip. t fii«r-. 

liin" 1 for I8d mini. l>r«niicH'ri|iriiie 
lavs), somatostatin analogue (SMS 
Sando/. Switzerland. 50 ug w , t 
i:hem. Switzerland). CRM d uu'Lj; 
/erland'i. 

I concentrations uviv measured 
RIA method (7i. using reagent* 

jtional I'ituhan Agem\, MDDK. 
lowest measuralili* alpha-sulmnit 

ug>l. The intra- and inlt r-jss;t\ o>- : 
were 4.1 and :>.X't. re^peiiivch. 




•rasellai lesion in die patieiH ** ,,,rr { 



molar basis, the cross-reaction was absent even at 
h alpha-subunit concentrations, both in the absence 
Jd in the presence of high levels of the specific antigen. 

Serum LH. FSH and TSH levels were determined by 
intrnunoradiometric assays (Sucrosep 1RMA, Boots-Cell- 
rdi. UK), which show very high sensitivity (0.3 U/l for 
LH and FSH. 0.07 mU/l for TSH) and specificity: in par- 
ticular, alpha-subunit, even at very high concentrations 
1 000 ug'D. did not cross-react in the above IRMA meth- 

pRL testosterone (Biodata, Italy), GH. free thyroid hor- 
mones, ACTH. and Cortisol. 



Light microscopy 

pieces of tumour were fixed in 10$ buffered formaline 
iiid embedded iu paraffin. Sections were stained with 
hematoxylin-eosin. 

Eltctron microscopy and immiinocytochemical 
\fchniques 

Small cubes of the surgically removed adenoma were 
fixed at 4°C in 2% glutaraldehyde in 0. 12 mol/l cacodviate 
buffer, pH 7.4, containing \% sucrose, postfixed in 1% 
(H0 4 in cacodviate buffer at 4°C dehydrated, and em- 
bedded in Epon * 12. Ultrathin sections were stained with 
uranvl acetate and lead citrate and examined with a Phi- 
lips CM 10 electron microscope (Philips Industries. Eind- 
hoven. The Netherlands). 

Protein A-gold complexes of different sizes were pre- 
pared as described by Slot & Geuze (K). Double immu- 
nostaining was performed as previously reported (9). Ul- 
trathin sections were mounted on nickel grids with Form- 
var and treated with ethanol saturated with NaOH and 
then with 10% H 2 0., in order to remove the epoxy resin. 
Theantisera used were an anti-hPRL serum (gift of Dr H. 
G. Friesen, Winnipeg. Manitoba. Canada), purified by 
affinity chromatography, an anti-hLHf5 serum, and an 
anti-hFSHp serum (both obtained from NIDDK Hor- 
n»ne Distribution Program). PRL and LH or PRL. and 
FSH were inimunolncaiized using protein A-gold parti- 
c « of different sizes according to Bendayan Sc Zollinger 
(10) and Geuze et al. (II). Incubations were carried out at 
TOm temperature for 2 h (antisera) and 60 nun (protein 
A-gold complexes). Sections were stained with uranvl ac- 
*&te. The specificity of the immunostaining was tested by 

Restituting normal rabbit serum for anti-LHp. anti- 
SHf and/or anti-PRL serum; 2. absorbing each antise- 

tn with its respective antigen: 3. omitting one compo- 

Beni of the reaction, and 4. using the antiserum in both 

Me P* of the reaction. To determine the percent cellular 

^position of the adenoma. 200-300 cells in sections 

0,n ' random tissue blocks were examined bv electron 
* ,c foscopy. 



Results 

Endocrinological evaluation revealed that the basal 
concentrations were above the normal limits for 
age and sex for serum PRL (mean 376 ug/1; range 
300-450; normal values <16ug/l), LH (mean 3.8 
I U/l; range 2.3-6.3; normal values <2 I U/l), FSH 
(mean 1.9 I U/l; range 0.6-4.1; normal values <1.5 
I U/l) and testosterone (mean 20.6 nmol/l; range 
16-25.3; normal values <4 nmol/l). Alpha-subunit 
levels were 0.64 ug/1 (range 0.3-1.0; normal limits 
<0.7 utf/|) and P-hCG levels were not detectable. 
GnRH test induced a marked LH response up to 
23.5 I U/l and a normal FSH rise up to 3.9 IU/L 
TRH caused an abnormal LH rise to 8.3 I U/l, 
whereas FSH increased up to 2.6 IU/1 (Fig. 2); 
serum PRL slightly rose from 380 to 430 ug/1. Al- 
pha-subunit concentration rose from 0.3 to 2.2 ug/I 
after GnRH and from 0.4 to 1.1 ug/I after TRH 
(not shown). 

Dopamine infusion did not significantly affect 
serum FSH and LH, whereas it reduced PRL levels 
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Fig. 2. 

Responses of serum LH and FSH after 200 ug TRH 
(■-■) and 100 ug GnRH (□-□) iv. 
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Effects of GnRH analogue (buserelin, 0.5 mg sc t.i.d. for 
10 days; top panel) and bromocriptine administration 
(5-7.5 mg/day for 10 days; bottom panel) on serum LH 
(D-D), FSH (•-•), alpha-subunit (A- A), PRL (■-■). a» d 
testosterone (O-O) levels. 



from 300 to 1 10 ixg/1. Injection of the somatostatin 
analogue (octreotide) did not modify serum LH. 
FSH and PRL levels (data not shown). 

Administration of 0.5 mg ethinyl-estradiol did 
not cause any inhibition of LH, FSH and alpha- 
subunit, but rather an elevation of serum FSH 
(from 1.4 to 3.4 IL7I after 4 h) and LH levels (from 
2.5 to 4.1 1L7I at 6 h): alpha-subunit slightly in- 
creased from 0.7 io O.y ug'l at fi h. 

During GnRH analogue administration (Fig, 3, 
serum FSH levels were rapidly reduced and re- 
mained constantly low. whereas serum LH and 
testosterone, alter an initial increase, progressively 
fell. During this treatment the secretory pattern of 
alpha .subunit completely dissociated from that of 
intact gonadotropins, as a progressive increase in 
alpha-subunii levels was observed. A decrease in 
PRL levels was observed. Bromocriptine treatment 
(Fig. 3) did not significantly affect serum LH. FSH. 
alpha-subunit and testosterone levels, which re- 
mained above the normal limits, whereas serum 
PRL was concomitantly reduced. 

A normal responsiveness of GH. ACTH and Cor- 
tisol. TSH and free thyroid hormones after 
GHRH, CRH and TRH tests, respectively, was 
found. Urinarv 17-KS excretion was at the upper 
limit for age and sex (=13.2 nmol/24 h; normal 
limits <12.5umol/24 h). 

After transirontal adenomectomy the excised 
tumour was studied. By histology the adenoma wm 
acidophil and monomorph. Electron microscop) 
revealed that the adenoma was made up by large, 
oval or oblong cells, similar to each other. The 
nuclei were round, the rough endoplasmic reticu- 
lum appeared strikingly deformed with enlarged 
cisternae. The secretory granules were small, nu- 
merous and. in some cells, peripherally locate* 
(Fig. 4). Double-gold immunolabelhng with aim 
PRL and anti-LHP sera showed that the great m* 
joritv (80-83%) of the cells was positive for PRLan 
LHP (Fig. 4. panel A). The two hormones *ff 
co-localized in the same secretory granule. T he 
mainine cells were positive only for PRL With an« 
PRL and anti-FSHp sera many ceils tabout . 
were positive for both hormones (Fig. 4, pane ^ 
demonstrating that most cells contained both 
and FSH together with PRL. ^ 
After neurosurgery serum PRL, LH, r Qn 
testosterone levels fell to within normal »^ rH 
the 12th dav a combined multiple test witn ^ 
GnRH. CRH and GHRH induced a "°^ rL 
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Electron micrograph of portions ot cells from the monomorphous pituitary adenoma secreting PRL. FSH and LH. 
Many, small secretory granules are visible (arrow head). Rough endoplasmic reticulum appears constituted by enlarged 
cisternae scattered throughout the cells (bar = I u). Double immuuolocalization of PRL'LH and PKL/FSH using specific 
antiseniand protein A-gold particles of different sizes is shown in the lateral panels. A: Coexistence of PRL (small gold 
panicles) and LH (large gold particles) in the same secretory granules (bar = 0.1 u): 80-K.VV.. ol the cells were positive 
fonhe two hormones. B: Coexistence of PRL (small gold panicles) and FSH (large gold panicles) in the same secretory 
granules (bar = 0.1 About 10% of the cells were positive for die two hormones. 



u 'hich did not react to the stimulus. In basal con- 
ditions normal free thyroid hormones and Cortisol 
"mcentrations and normal 17-OHCS and I7KS 
,l "nary excretion were also observed. 



Discussion 

^nadotropin-secreiing pituitary adenomas are 
^common - 3-79* of all pituitary tumours (12-14); 
1 *v mostly oa ur in adult males and cause hvpo- 
^nadism. Also prolactinomas are related with de- 
cency of gonadal function in both adults (15) and 
descent patients (3), On the contrary, the ap- 
P^ntnce of precocious puberty has been reported. 



to our knowledge, in onlv two patients with pitu- 
itary tumours, a boy with an LH- and PRL-pro- 
ducing tumour (ti) ami am H her bo\ with a prolac- 
tinoma (f>). In the present case an unusual concom- 
itant hypersecretion of LH, FSH and PRL was 
caused bv a pituitary adenoma and was the most 
likely explanation for the unset of precocious pu- 
berty. 7 he patient actually had serum basal LH and 
FSH levels above the normal range tor his age and 
sex: a marked LH rise with a mild FSH and alpha- 
subunit increase was elicited bv CnRH. thus con- 
firming the asserted existence of variable and often 
dissociated patterns of response of LH and FSH 
after GnRH in patients with gonadotropinomas 
(12,16). 
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The lack of influence of dopamine infusion on 
LH and FSH levels may possibly account for the 
negligible effect of chronic bromocriptine adm.n- 
JUL on gonadotropins, indicating the value of 
the test in predicting the response to chronic do- 
paminergic treatment (17). The effecveness of 
bromocriptine therapy in patients with gonadotro- 
pin-secretins pituitary tumours is unceru.n .in fact 
FSH and alpha-subui.it levels can be reduced (17- 
19), but an evident tumour shrinkage has not been 

observed (20.21). 

Besides variable responsiveness to phys.ologtcal 
agents, an abnormal hormonal reaction to anon- 
stifle releasing hormone was observed 
dent. An abt.or.nal response to TRH l as been 
found in about 80% of tested patterns wuh genu 
dotropinomas (16,19). Although an .ncrea.se m 
both gonadotropins is frequently mduced by TRH 
to patients with only LH- «* FSH-secre..ng tu- 
n.ours (16.19). a dissociation between the abnormal 
rise of the hypersecre.ed trop.n and the absent re 
Lose of the normally circulating gonadotropin 
has also been reported (16). In our patient a s.g- 
nificant increase in LH was caused by the mpep- 
tide. The somatostatin analogue, which has been 
^ported to cat.se inhibition of GH.TSH, MIL and 
ACTH release from normal and/or tu.noural cells 
(22), did not affect gonadotropin secretion. 

After ethinyl-estradiol administration a lack ol 
inhibition, but rather a rise of LH. FSH and alpha- 
subunit levels was observed in the present pat.ent. 
at variance with the normal gonadotropin suppres- 
sion observed in normal subjects. Variable patterns 
of responses to different estrogens, Riven lor vat- 
ious periods of time, have been repot ted A para- 
doxical elevation of the bypersecre.ee. ^hormone 
a „d alpha-subuni. in one patient (23| and of a pl a- 
subuni, levels in another (IS) has been air eady . le- 
scribed. thus suggesting a possible usefulness ol the 
,est in patients with gonadotropmomas. 

Although an abnormal increase in gonadotrop.n 
levels during GnRH analogue treatment has been 

., i„ few patients with gonadotrop.n-.se- 

creung adenoma (24.25). in the present case toe 
GnRH analogue buserelin was able to lower LH 
and FSH levels, probably through a d™"'^ a 
tion mechanism, similar to that observed ,n norma 
subjects. The progressive increase m alpha-subun . 
levels during GnRH analogue treatment, a ob- 
served in girls with idiopathic precocious pubeitx 
"(26), indicates a different control of alpha- and be- 
ta-subunit synthesis by GnRH (27). 



In addition to gonadotropin hypersecretion, ihj, 
patient showed a high serum PRL concentration, 
which exhibited a complex pattern of responses, 
probably related to the different cell types sustain- 
ing hvperprolactinemia. In fact, the adenoma 
showed a sensitivity to dopaminergic tnh.b.tion, i„ 
"terms of reduction of PRL secretion and mild 
shrinkage of tumour mass, in spite ol persistence 
high gonadotropin levels. This finding might be 
explained bv the possibility that dopaminergi, 
drugs preferentially affect pure lactotropes, which 
in par. constituted the adenoma. Although it ha. 
been recently shown that a GnRH agonist can 
reduce PRL secretion by a paracrine action (28. 
,he observed decrease in serum PRL during bust- 
.elin administration .nigh- be explained by an 
effect of the analogue on the cells co- secreting go. 

nadotropins and PRL. 

As far as the morphological findings are con- 
cerned. the present study confirms that in human 
pituitarv adenomas cells producing more than on. 
hormone are frequently present. In fact, the sen- 
slave electron microscope protein A-gold immun- 
technique, which detects very small amounts 4 
hormonal antigens and identifies the s.n.ultaneous 
presence of two antigens in the same tissue sea, 
ion. now permits to recognize a large number o, 
m ixed cells in normal and pathological condmorn 
,7 0 oo.S0). In this adenoma the so far unreported 
Lsoclauon of PRL. LH and FSH in the same celU 
clearlv demonstrated and was the cause of the P r* 
Lious puberty of the boy, in fact the removal 
the tumour led to a normalization ol the endocnm 
function and to remission ol the disease. 
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Abstract. The sex-related dit 
the regulation of TSH secreti 
tigaied by determination of il 
dear and TRH membrane re 
activity of 5-dciodinase (5*D) 
itary gland of adult male and 
speciive modulatory roles of 
gr ns on these parameters wer 
determinations carried out ij 
trogen-treaied male rats. Th 
T 3 and TRH receptors ahd il 
11 were significantly greater 
the male rats. The Entreated 
female profile, viz. also great 
TRH receptors when com pa 
rats (2.3 ± 0.2 vs 1.8 ± 0.2 i 
! 9.4 ± 0.8 vs 6.0 ± 0.8 fmol ' 
± sem), whereas no changes * 
traied rats. The Entreated i 
rats exhibited an increased p 
type II (0.87 ± 0.10 and 0.6< 
: v s control 0.34 ± 0.07 pi 
protein)" 1 ), suggestive of a s» 
and of an inhibitory effect 
parameter. In contrast, no 
^ D were found between all \ 
H wknown tissue-specific re 
results demonstrate that tht 
density of pituitary T 3 and 1 
a «'vity of 5 D in the adult 
. Modulatory effect of estrog 
sponsible for the sex-depenc 
/ ^etion. 
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